Introduction
Extranodal natural killer (NK)/T-cell lymphoma (ENKTL) is an uncommon subclass of non-Hodgkin's lymphoma primarily encountered in Asian and South American populations (1) . These lymphomas are of putative NK-cell origin, with a minority derived from the T-cell lineage. Pathologically, 80% of ENKTLs occur in the nose and upper aerodigestive tract, and rarely present as widespread metastasis (2) . These lymphomas are locally very invasive and may cause perforation of the hard palate, whereas they rarely cause widespread distant metastasis involving the skin, soft tissues, uterus and gastrointestinal tract. The pathogenesis almost invariably involves Epstein-Barr virus (EBV) infection. Nicolae et al (3) recently reported a series of 7 cases of EBV-negative aggressive ENKTL. These lymphomas are clinically and pathologically indistinguishable from EBV-positive ENKTLs and they tend to occur in older patients. Gao et al (4) also reported a series of 3 patients with EBV-negative ENKTL in the western hemisphere, which shared similar characteristics with EBV-positive ENKTL and exhibited a highly aggressive clinical course. The immune checkpoint protein programmed death ligand 1 (PD-L1) was found to be overexpressed in all 3 patients. Thus, targeting the PD-L1/PD-1 axis may be a potent mechanism of immune evasion by averting effector T-cell signaling and inhibiting anti-lymphoma immunity (5, 6) . The treatment of these lymphomas is usually aggressive chemotherapy. Unfortunately, the treatment options for elderly patients are limited due to their poor tolerance to chemotherapy. In such cases, physicians tend to recommend hospice care and/or palliative radiation or palliative chemotherapy. In the present case, compassionate use of pembrolizumab was applied. To the best of our knowledge, this case is the first example of pembrolizumab treatment for naïve EBV-negative ENKTL.
Case report
A 90-year-old Hispanic female patient presented in December 2017 to the Saint-Luke's Cancer Institute (Kansas City, USA) with severe inflammation and ulceration of the hard palate for the last 2 months. On physical examination, the patient had scattered erythematous nodular skin lesions ( a left submandibular mass measuring 2.6x2 cm, as well as multiple fluorodeoxyglucose-avid cervical lymph nodes, several bilateral infiltrative breast masses and subcutaneous nodules in the gluteal region of the left leg and right calf; these findings were consistent with disseminated stage IV ENKTL ( Fig. 2A) . PD-L1 staining was positive in 25% of the tumor cells. Given the patient's advanced age and Eastern Cooperative Oncology Group performance status score of 3, she was not considered a candidate for aggressive chemotherapy. Therefore, treatment was selected based on the published experience of Kwong et al (6) on 7 patients with refractory ENKTL treated with pembrolizumab. The patient received 200 mg pembrolizumab every 3 weeks with concurrent radiation to the hard palate and skin nodules over the left leg, followed by maintenance pembrolizumab 200 mg every 3 weeks as compassionate use, and she tolerated the treatment well. The main treatment-related side effect in our patient was hypophosphatemia, which persisted for 3 months and responded to IV phosphate treatment. The lesions of the palate and skin responded to this treatment (Fig. 1B) , and a PET scan at 3 months showed a notable response to treatment (Fig. 2B) . Unfortunately, at the end of the 6th cycle, the patient experienced worsening of the lower extremity nodules and appearance of new cutaneous masses, and received a modified second-line regimen including pegaspargase, gemcitabine and oxaliplatin (P-GEMOX). After the first cycle, the lactate dehydrogenase level was normalized, and the cutaneous and visceral masses regressed. However, P-GEMOX was poorly tolerated and patient clinical course was complicated by pseudomonas sepsis. On July 30, 2018, she had no evidence of lymphoma progression but due to poor performance status the patient's family eventually decided to pursue hospice care.
Discussion
The present case report demonstrated that PD-1 blockade concurrently with radiation and as maintenance therapy may be a viable treatment option for aggressive NK-cell lymphomas. Treatment with pembrolizumab appears to be feasible as well as effective in clinically naïve patients.
PD-1, a member of the CD28/CTLA4 family expressed on activated T-cells, is normally involved in immune tolerance and prevention of tissue damage associated with chronic inflammation. Importantly, inhibition of PD-1/PD-L1 has demonstrated high response rates in patients with classical Hodgkin's lymphoma (7) . Pembrolizumab is an IgG4 isotype antibody that targets the PD-1 receptor on lymphocytes. Antibody binding to the ligand PD-L1 delivers an inhibitory signal, reducing cytokine production and proliferation. Kwong et al (6) recently published their experience on 7 patients with relapsed EBV-positive ENKTL. Of the 7 patients, 6 received 2 mg/kg pembrolizumab every 3 weeks and 1 patient received 2 mg/kg every 2 weeks. All the patients responded to pembrolizumab. In that study, strong PDL1 expression was associated with higher response rates. Li et al (8) administered pembrolizumab to 7 patients at 100 mg every 3 weeks and reported a 57% overall response rate, but did not observe a direct correlation between the expression of PD-L1 and clinical response. As our patient had EBV-negative ENKTL, PD-L1 expression on tumor tissue (25% in this case) was used to guide pembrolizumab therapy. Second, pembrolizumab 200 mg every 3 weeks was used concurrently with radiation and then as maintenance treatment, which was well-tolerated in the present case. Interestingly, complete response in the hard palate was sustained right up to the time when the patient transitioned to hospice care. This may be attributed to concurrent radiation and immunotherapy.
In advanced solid tumors, the combination of pembrolizumab and radiation has been proven to be safe and has been shown to enhance T-cell response and augment the abscopal effect on these tumors (9) .
This was hypothesized to be the reason for our patient achieving complete response in the hard palate. However, after progression of the lymphoma at other sites, including soft tissue and skin, the treatment was changed to modified P-GEMOX for 1 cycle. There was radiographic response to this treatment, but the patient's course was complicated by pseudomonas pneumonia. Eventually, the patient's family decided to pursue hospice care. Taking into consideration all available treatments, our experience suggests that first-line pembrolizumab may be a feasible option in elderly patients who have limited treatment options, and it may be preferred over palliative chemotherapy.
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